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Table 1.1 Iron per kilogram of body weight for 
different species. Adapted from Moore et al (1962).







Table 1.2 The distribution of body iron. 
Adapted from Moore et al C1962).
2Absorbed
Recommended intake 
























0- 4 months 0.5
5-12 months 1.0 10 7 5
Children
1-12 years 1.0 10 7 5
Boys
13-16 years 1.8 18 12 9
Girls
13-16 years 2.4 24 18 12
Menstruating 
women + 2.8 28 19 14
Men 0.9 9 6 5
^Breast-feeding is assumed to be adequate
+ For non-menstruating women the recommended intakes 
are the same as for men
Table 1.3 Recommended daily intakes of iron (WHO, 1970).
3Iron Serum Transferrin 
Stage Stores Iron Saturation Haemoglobin
Iron Absent
depletion or Normal Normal Normal
reduced
Iron
deficiency Absent Low 16$ Normal
without
anaemia
* ™ m,d®ficien°y Absent low 16* low
S L T lS lS n U  a






Children 6 months to 6 years 11
Children 6-14 years 12
Adult males 13
Adult females, non-pregnant 11
Adult females, pregnant 11
Table 1.5 Haemoglobin concentrations below which 
anaemia is likely to be present at sea level (WHO, 1972),
Figure 2.1 Three dimensional structures represented on a 
two dimensional section. Lattice of squares with marked centre 
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Figure 2.3 3 mm diameter trephine type biopsy punch and
a mucosal punch biopsy.
8Figure 2.4 Biopsy site, incision and wound.
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Figure'2.5 Normal buccal epithelium showing the 
distribution of the cell compartments.x368
10
Figure 2.6 Leitz Ortholux microscope and projection screen.
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s
Figure 2.7 The projection head of a Leitz Ortholux 
microscope with a superimposed 0.5 cm grid for point counting. 







Number of Grid Positions per Field
Figure 2,8 Accumulative means test for the number of 
point counts required per field to give values within 









Number of Fields Counted
Figure 2.9 Accumulative means test for the number of 
fields per biopsy required to give values within 10 per
cent of the mean.
13
Magnification = 12,5 x 25 Points counted = P
= 312.5 Column width = .27 jim
Unit area on screen represents J f g x ^ '312 "5 sq- mm section
= 0.001024 sq mm
Area of compartment = P x 0.001024 sq mm
Thickness = AreaColumn Width
P x 0.001024 x 100O(im
= P x 3.795 m
Pigure 2.10 Conversion of point count to area measurement 
and then to absolute thickness.
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Subject Sex Age Haemoglobin g/dl Blood Film
1 M 40 13.2 normal
2 M 31 15.8 normal
3 M 38 15.4 normal
4 M 37 16.5 normal






sex and haematological values for








1 12.9 62.3 20.7 116 295
2 18.3 67.7 27.0 272 315
3 24.7 75.2 32.8 189 400
4 37.9 88.1 43.0 229 510
5 16.6 69.8 23.8 250 450
Mean 28.1 76.6 29.5 211.2 394.
Table 2.2 Biochemical values for control subjects.
Patient Sex Age Aetiology of Iron Deficiency
1 M 70 Chronic blood loss;
carcinoma of colon
2 M 56 Chronic blood loss;
peptic ulcer
3 M 74 Dietary deficiency
4 M 45 Chronic blood loss;
haemorrhoids
5 F 17 Chronic blood loss;
menorrhagia
6 F 39 Chronic blood loss;
peptic ulcer
7 P 60 Chronic blood loss;
peptic ulcer
8 P 45 Chronic blood loss;
menorrhagia
9 P 68 Chronic blood loss;
diverticular disease
10 P 34 Chronic blood loss;
peptic ulcer
11 P 72 Chronic blood loss;
diet and aspirin ingestion
12 F 19 Chronic blood loss;
menorrhagia
13 P 39 Chronic blood loss;
menorrhagia














1 8.7 6.8 74.8 9.1 347 411
2 7.1 4.3 96.7 4.4 190 200
3 1.0 3.6 84.3 4.3 366 460
4 8.1 0.5 94.5 0.5 278 -
5 10.2 4.5 85.9 5.2 121 430
6 6.1 4.3 89.1 4.8 normal normal
7 4.4 3.6 73.0 4.9 normal normal
8 9.6 4.5 65.5 6.9 364 750
9 5.9 4.8 94.6 5.1 normal normal
10 9.9 6.8 65.5 10.4 287 489
11 8.3 4.7 81.6 5.6 normal normal
12 9.2 4.5 85.5 5.3 392 315
13 10.2 3.0 78.6 3.8 272 450
Mean 8.05 4.29 82.01 5.41
Table 2.4 Haematological and biochemical values of 
anaemic patients.
Subject Progenitor Maturation Total
1 11.5 100.7 112.2
2 4.5 85.4 89.9
3 7.0 106.5 113.3
4 6.5 124.4 130.9
5 7.6 122.8 130.4
Mean 7.4 107.9 115.3
Table 2.5 Mean point count per grid position for 
normal subjects.
Subject Erogenitor Maturation Total
1 43.6 382.0 425.6
2 17.1 323.9 341.0
3 26.6 403.2 429.8
4 24.7 471.8 496.5
5 28.8 465.8 494.6
Mean 28.2 409.3 437.5
Table 2.6 Total epithelial and compartment thickness
in (am for normal subjects.
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Subject Progenitor Maturation Prog/Mat :
1 1 0 . 2 8 9 . 8 1 1 . 4
2 5 . 0 9 5 . 0 5 . 3
3 6 . 2 9 3 . 8 6 . 6
4 5 . 0 9 5 o 0 5 . 3
5 5 o 8 9 4 . 2 6 . 2
Mean 6 . 4 9 3 . 6 7 . 0
Table 2.7 Percentage of the epithelium formed by each 





Pigure 2.11 Compartment analysis of buccal epithelium 
from normal subjects. X 220
Patient Progenitor Maturation Total
1 7.5 93.5 101.0
2 9.2 67.2 76.4
3 7.0 76.5 83.5
4 8.8 50.4 59.2
5 6.8 42.2 49.0
6 13.7 62.9 76.6
7 9.4 53.3 62.7
8 9.7 41.4 51.1
9 9.0 42.6 51.6
10 7.0 63.5 70.5
11 5.4 53.1 58.5
12 6.3 22.9 29.2
13 6.4 30.5 36.9
Mean 8.2 53.9 62.0
Table 2.8 Mean point count per grid position for 
anaemic patients.
Patient Progenitor Maturation Total
1 28.4 354.7 383.1
2 34.9 254.9 289.8
3 26.5 290.2 316.7
4 33.4 191.2 224.6
5 25.8 160.1 185.9
6 52.0 238o6 290.6
7 35.7 202.2 237.9
8 36.8 157.0 193.8
9 34.1 161.6 195.7
10 26.5 240.9 267.4
11 20.5 201.4 221.9
12 23 o 9 86.9 110.8
13 24.3 115.7 140.0
Mean 31.0 204.3 235.3
Table 2.9 Total epithelial and compartment thickness 
in jjm for anaemic patients.
Phtient Progenitor Maturation Prog/Mat x 100
1 7.4 92.6 8.0
2 12.0 88.0 13.6
3 8.4 91.6 9.2
4 14.9 85.1 17.5
5 13.9 86.1 16.1
6 17.9 82.1 21.8
7 15.0 85.0 17.6
8 19.0 81.0 23.4
9 17.4 82.6 21.1
10 9.9 90.1 11.0
11 9.2 90.8 10.2
12 21.6 78.4 27.5
13 17.3 82.7 21.0
Mean 14.1 85.9 15.3
Table 2.10 Percentage of the epithelium made up by each 
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Figure 2.12 Compartment analysis of buooal epithelium 
from anaemic patients.x.600
Progenitor Cell Compartment Thickness
Normal Subjects Rank Anaemic Patients Rank
45.6 17 28.4 10
17.1 1 34.9 14
26.6 9 26.5 7.5
24.7 5 33.4 12










u = n^ x n2 + n2 (n2 +1) - R2
2




n-^ =s number of values in the smaller group
n2 = number of values in the larger group
&2 = sum of the ranks of the group of sample size N2





Figure 3.1 The position of the retro-orbital venous sinus 
in the hamster. Needle in situ (Pansky et al, 1961)e











Figure 3.3 The serum iron of experimental animals over 
the course of the experiment.
Figure 3.4 Collection of blood from the inferior vena cava 
of the hamster.
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Animal Week Week Week
1 8 16
1 13.5 18.0 17.5
2 14.7 19.0 18.5
3 15.5 17.8 16.8
Table 5.2 Haemoglobin values in g/dl for normal animals
Animal Week Week Week
1 8 16
1 65.9 34.4 65.4
2 21.5 65.0 65.5
5 -  54.2 66.0
Table 5.5 Serum iron values in |jmol/l for n o r m a l  animal 
(Missing value due to haemolysis of the blood sample;.
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Animal Week Week Week
1 8 16
4 16.7 18.8 18.1
5 16.5 16.0 17,1
6 16.9 18.3 17.7
7 17.3 18.8 19.9
8 15.7 18.8 18.0
Table 3.4 Haemoglobin values in g/dl for animals in the 
iron deficient diet group.
Animal Week Week Week
1 8 16
4 72.9 69.3 60.1
5 89.1 58.5 63.5
6 77.0 34.4 46.2
7 83.8 77.9 62.8
8 53.8 - 58.5
Table 3.5 Serum iron values in |imol/l for animals in x
iron deficient diet groups. (Missing value due to h y
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iron^efi^i ^arfow from normal animals and animals in the 
blue, x 1OOQ10 bleeding group. Peris prussian
33
Animal Progenitor Maturation Keratin Total
1 436 1331 490 2257
2 632 1650 980 3262
3 474 1527 693 2694
Table 3.8 Total numbers of points counted per compartment 
for normal animals.
Animal Progenitor Maturation Keratin Total
1 10.1 30.9 11.3 52.3
2 14.6 38.3 22.7 75.6
3 11.0 35.4 16.1 62.5
Table 3*9 Epithelial and compartment thickness in pm for 
normal animals.
Animal Progenitor Maturation Keratin
1 19.4 59.0 21.6
2 19.4 50.6 30.0
3 17.6 56.6 25.7
Table 3.10 Percentage of the epithelium made up by each 
compartment for normal animals.
34
.imal Progenitor Maturation Keratin Total
4 483 1775 565 2823
5 538 1371 823 2732
6 498 1401 636 2535
7 670 2118 1083 3871
8 533 1563 902 2998
Table 3.11 Total number of points counted per compartment 
for animals in the iron deficient diet group.


























Table 3.12 Epithelial and compartment thickness in im 
for animals in the iron deficient diet group.
Animal Progenitor Maturation Keratin
4 17.1 62.8 20.1
5 19.8 50.1 30.1
6 19.7 55.3 25.0
7 17.3 54.7 28.0
8 17.7 52.2 30.1
Table 3.13 Percentage of the epithelium made up by each 
compartment for animals in the iron deficient diet group.
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Animal Progenitor Maturation Keratin Total
9 447 939 657 2043
10 502 1307 484 2293
11 492 1119 647 2258
12 557 1361 653 2571
13 608 1457 482 2547
14 510 1171 789 2470
15 655 1771 883 3309
16 599 1520 749 2868
Table 3.14 Total number of points counted per compartment 
for animals in the iron deficient diet and bleeding group
limal Progenitor Maturation Keratin Total
9 10.3 21.7 15.2 47.2
10 11.6 30.3 11.2 53.1
11 11.4 25.9 15.0 52.3
12 12.9 31.5 15.1 59.5
13 14.1 33.7 11.2 59.0
14 11.8 27.1 18.3 57.2
15 15.2 41.0 20.5 76.7
16 13.9 35.2 17.3 66.4
Table 3.15 Epithelial and compartment thickness in jim 
for animals in the iron deficient diet and bleeding group.
limal Progenitor Maturation Keratin
9 21.9 45.9 32.2
10 21.9 57.0 21.1
11 21.8 49.5 28.7
12 21.7 52.9 25.4
13 23.9 57.1 19*0
14 20.6 47.4 32.0
15 19.8 53.5 26.7
16 20.9 53.0 26.1
Table 3,16 Percentage of the epithelium made up by each 
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Animal Week 1 Week 13 Week 27
1 16o6 17.5 13.9
2 16.8 15.6 15.2
3 16.8 15.5 13.3
4 16.8 17.5 16.5
5 14.5 16.2 15.2
6 15.6 16.5 15.6
7 13.4 16.1 16.3
8 13.4 15.4 14.1
9 16.1 16.8 16.1
10 16.3 16.2 14.2
Mean 15.6 16.3 15.0
Table 4.3 Haemoglobin values in g/dl for normal animals.
Animal Week 1 Week 13 Week 27
1 57.5 72.5 37.1
2 56.9 57.5 63.9
3 66.2 - 31.1
4 60.7 67.7 -
5 62.7 43.5 55.5
6 39.0 68.9 37.1
7 68.6 66.1 48.9
8 54.1 59.6 58.0
9 56.7 34.2 43.9
10 55.5 57.5 39.0
Mean 57.8 58.6 46.1
Table 4.4 Serum Iron values in |imol/l for normal animal 
(Missing values are "the resulb of haemolysis of occasional 
blood samples).




















Table 4.5 Total Iron binding capacity in jimol/l and 
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Table 4.8 Total Iron binding capacity in jjmol/1 and 
transferrin saturation for experimental animals.
44
Animal Haemoglobin Serum Iron T.I.B.C.
15 11.9 26,9 61.6
16 11.9 22.0 104.5
17 11.9 29.5 60.1
18 11.8 55.4 98.6
28 10.2 21.5 83.6
Mean 11.5 27.1 81.7
Table 4.9 Anaemic animals.
Animal Haemoglobin Serum Iron T.I.B.C
13 15.2 11.8 69.1
19 13.0 6.6 81.3
20 14.0 7.0 109.2
21 13.2 16.1 84.8
27 14.5 16.3 96.3
29 13.1 16.6 88.4
31 13.3 12.9 85.2

















Table 4.10 Iron deficient but not anaemic animals.
Animals Haemoglobin Serum Iron T.I.B.C. $ Saturation
11 15.9 33.5
12 15.2 26.9
14 13.9 36.7 113.1
22 15.8 31.1 96.1
23 15.0 25.8 86.1
24 14.5 44.0
25 14.9 31.7 97.9
26 15.3 31.7 97.9
30 13.0 18.3
32 13.4 16.1 71.0








Table 4.11 Iron depleted animals.
46
Animal 1
Points counted for each compartment.
Progenitor cell compartment = 950
Mature cell compartment = 1814 
Keratinised compartment = 1062
Total = 3826
Number of fields used = 8 
Grid positions per field = 6
Mean number of points per grid position = 
Mean epithelial point count = = 9«7
Column Width = .18 pm 
Magnification = 12.5 x 40 = 500
5 x 5
Unit area on screen represents x "566 S(^  111111 sec^i°n
= .0001 sq mm 
Area measured = Number of points x 0.0001 sq mm
mi^-i  Area _ Points x 0.0001 v mnn
Thickness = Cohmn =  TIB------ x 1000 1111
79.7 x .0001 x 1000 pm= fig
Epithelial Thickness = 44>3 pm
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Figure 5.1 Diagrammatic illustration of the cell cycle. 
S - DNA Synthesis phase; G. - presynthetic gap; G£ - 
postsynthetic gap; GQ - non proliferating cells.
3 • •Figure 5.2 Apparatus used for in vitro H thymidine 
labelling.
54
Figure 5.3 Equipment used for autoradiography. (A) and 
(B) measuring cylinders. (C) water bath. (D) Coplin jar 
with molten emulsion. (E) Glycerol. (F) Plate for drying 
slides. (G) Light proof plastic box for exposure.
Figure 5.4 A hot control showing the effect of negative 
chemography0 X100
55
Figure 5.5 Hamster ventral tongue epithelium.X390
Figure 5.6 Autoradiograph of in vitro labelled hamster 
tongue epithelium showing labelled cells (1 fiCi/ml) ex 1150
Figure 5.7 Autoradiograph of in vitro labelled hamster 

















































Mean 3492.7 259.3 7.39 70.5 3.78
Table 5.1 Labelling index for control animals expressed in 


























Table 5.2 T in hours for control animals, s
59











Labelling Fields Labelling 
Index per Index











Table 5.3 Labelling index for experimental animals in 
terms of total viable nuclear count and in terms of unit 
surface length.
60
Animal Heavy Label Light Label Ts
9 88 20 4.40
10 159 26 6.12
11 214 47 4.55
12 163 41 3.98
13 161 44 3.66
14 180 48 3.75
15 72 40 1.80
16 145 63 2.30
Mean 147.8 41.1 3.82
Table 5.4 T in hours for experimental animals s
61
1 pCi 10 fiCi
Figure 6.1 Autoradiographs from tissue labelled in vitro 
with a light (1 jiCi/mlT and a heavy (10 fiCi/ml) dose of 
3H thymidine. X1900
62
N = Corrected cell count 
n = Actual cell count 
T = Section thickness 
d = Nuclear diameter
Animal 1 Progenitor cells counted 
Mature cells counted 




N. prog = 938 x 3<55;55.j4
= 371*4
N. Mat = 343 x 375^7^3757
= 99.47








Figure 6.2 Correction of cell counts (Abercrombie, 1946).
Animal
Progenitor cell 














Table 6.1 Nuclear diameters of control animals.
64
Progenitor cell Mature cell
Animal nuclear diameter in fim nuclear diameter in [in
A
15 5.25 7.50 N
16 5.00 8.37 A
17 4.81 8.14 E
18 5.29 9.61 M





15 5.39 8.36 E
19 4.79 8.19 F
20 5.07 7.73 I
21 4.90 7.69 C
27 5.87 8.23 I
29 4.48 8.39 E





12 6.03 9.63 D
14 4.68 8.37 E
22 4.52 7.79 P
23 4.95 8.01 L
24 5.73 8.34 E
25 4.31 8.37 T
26 5.22 9.02 E
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Table 6.13 T_ for iron depleted animals, s
Animal Pc Columns Pc/Column Progenitor Cells/



























































Table 6.14 Number of progenitor cells per 100 sq fim in normal 
animals.
76
Animal Me Columns Me/Column Maturation Cells/






























































Number of mature cells per 100 sq jim in normal




15 446.04 40 11.16 15.1 0.821
A
16 359.57 33 10.09 13.0 0.932 N
A
17 523.74 41 12.77 15.5 0.915 E
M
18 535.20 40 13.38 16.1 0.923 I
C
28 449.20 31 14.49 13.3 1.120
Mean 0.942
13 287.82 37 7.78 18.1 0.478 D
E
19 328.86 33 9.97 15.1 0.734 P
I
20 281.26 36 7.81 15.1 0.575 C
I
21 250.32 30 8.34 13.2 0.702 E
N
29 312.84 29 10.79 14.1 0.850 T
Mean 0,668
11 353.78 32 11.06 19.5 0.630
12 230.14 25 9.21 14.2 0.721 D
E
14 296.27 26 11.04 20.5 0.618 P
L
23 345.63 33 10.47 10.5 0.567 E
T
24 311.60 28 11.13 17.5 0.707 E
D
25 363.15 24 15.13 15.4 1.092
26 403.60 36 11.21 16.3 0.764
Mean 0,728
Table 6,16 Number of progenitor cells per 100 sq jim in 
experimental animals.
78
Animal Me Columns Mc/Column Maturation Cells/
Thickness 100 sq pm
15 93.76 40 2.34 17.5 0.149
16 67.57 33 2.05 17.5 0.130
A
N
17 93.09 41 2.29 18.9 0.135
A
E
18 122.04 40 3.05 19.8 0.171
M
I
28 85.40 31 2.75 16.5 0.185
C
Mean 0.154
13 93.00 37 2.51 27.6 0.101 D
E
19 97.80 33 2.96 19.9 0.165 P
I
20 95.17 36 2.64 21.8 0.135 C
I
21 71.61 30 2.39 16.9 0.157 E
N
29 60.90 29 2.10 21.0 0.111 T
Mean 0.134
11 91.84 32 2.87 22.3 0.143
12 56.16 25 2.25 15.3 0.163 D
E
14 78.88 26 3.03 31.8 0.106 P
L
23 99.30 33 3.01 20.9 0.160 E
• T
24 93.90 28 3.35 22.9 0.163 E
D
25 86.13 24 3.59 18.9 0.211
26 94.54 36 2.63 22.3 0.131
Mean 0.154
Table 6.17 Number of mature cells per 100 sq. pm in experimental 
animal s •
79
Figure 7.1 Normal buccal epithelium and epithelium from 
a patient with iron deficiency anaemia.x340
80
Angle from Vertical Cosine








Table 7.1 Change in epithelial thickness, expressed as 
a percentage, following alteration of the tissue orientation.
81
Figure 7.2 Epithelium from the ventral surface of hamster 
tongue in iron depletion. X1100
82
Figure 7.3 Epithelium from the ventral surface of hamster 
tongue, in iron deficiency without anaemia.X960
83
Figure 7.k Epithelium from the ventral surface of hamster 
tongue in iron deficiency anaemia.X320
84
> * * , *
Figure 7.5 Keratinisation of the buccal epithelium in 
iron deficiency anaemia.X1 20
85
ABBREVIATIONS
Cols - epithelial columns
t postmitotic - presynthetic gap 
H.L.C. - heavily labelled nuclei
Ker - keratinised compartment
L.C. - labelled nuclei
L.C*c - corrected labelled nuclei
L.L.C. - lightly labelled nuclei
Mat - maturation compartment
Me - corrected maturation compartment nuclei
mean - arithmetical mean
P - corrected progenitor compartment nucleic
progenitor cell compartment
S - DNA synthesis phase
S.L. - standard deviation
T - corrected total nuclear countc
T.I.B.C. - total iron binding capacity
T - time taken for DNA synthesiss
T.V.C. - total viable cell count
APPENDIX 1
PROCESSING CYCLE
1. 50$ spirit 30
2. 80$ spirit 1
3. 8$ phenol in methylated spirit 2
4. 8$ phenol in methylated spirit 1
5. 8$ phenol in methylated spirit 2
6. Absolute alcohol 2
7. Absolute alcohol 3




i—1 Paraffin wax 2








PERLtS PRUSSIAN BLUE REACTION 
Bring sections to water
Transfer to a fresh solution of equal parts 
of 2$ aqueous potassium ferrocyanide and 2$ 
hydrochloride for 50 minutes at 57°C
Wash thoroughly for 10 minutes
Counterstain lightly with 1$ neutral red for 
10 - 15 seconds
Wash in water, dehydrate, clear and mount in 
Canada balsam
Perric - iron - containing pigments - Blue 
nuclei - Red
